BIRTH DEFECT RISK FACTOR SERIES:
PATENT DUCTUS ARTERIOSUS

DESCRIPTION

Patent ductus arteriosus (PDA) occurs as a result of persistence into the postnatal period of the normal fetal vessel (ductus
arteriosus) that connects the left pulmonary artery and the aorta. The ductus arteriosus normally closes shortly after birth in normal
infants and is considered normal in preterm infants. PDA may also be called persistent ductus arteriosus.

PDA accounts for 2%-15% of all congenital heart defects (Becker et al., 2001; Botto et al., 2001; Borgmann-et al., 1999; Samanek
and Voriskova, 1999; Jaiyesimi, 1993; Kidd et al., 1993; Fixler et al., 1990; Stoll et al., 1989; Grabitz et al., 1988; Ferencz et al.,
1985).

ASSOCIATED BIRTH DEFECTS

Approximately 28%-88% of PDA cases have other cardiac and non-cardiac birth defects (Ferencz et al., 1997; Stoll et al., 1993;
Castilla and Lopez-Camelo, 1990), and 8%-11% of cases with PDA also have a chromosomal abnormality (Ferencz et al., 1997;
Stoll et al., 1989). PDA is associated with trisomy 21, where PDA can account for 4% of all associated congenital heart defects
(Kallen et al., 1996). PDA has also been found with trisomy 18, trisomy 13, Char syndrome, Noonan syndrome, Holt-Oram
syndrome, Meckel-Gruber syndrome, and congenital rubella syndrome (Goldmuntz, 2001; Torfs and Christianson, 1998; Webster,
1998; Ferencz et al., 1997). PDA occurs among patients with the 22q11 deletion linked to DiGeorge syndrome, velo-cardio-facial
syndrome, and several other syndromes (Borgmann et al., 1999).

PRENATAL DIAGNOSIS
PDA may be identified by prenatal ultrasound and fetal echocardiography. However, the ductus arteriosus is a normal condition

among fetuses.

PREGNANCY OUTCOME
The mortality rate associated with PDA has declined in the United States during 1979-1997 (Boneva et al., 2001; Lee et al., 2001).
One study noted that 4% of infants with isolated PDA expired within the first year of life (Ferencz et al., 1997).

DEMOGRAPHIC AND REPRODUCTIVE FACTORS

Race/Ethnicity

Studies of risk of PDA by race/ethnicity have been inconsistent (Table 2). While some studies have reported higher rates of PDA
among African-Americans than among whites (Botto et al., 2001; Ferencz et al., 1997; Chavez et al., 1988), other investigations
found no such difference in PDA rates (Fixler et al., 1993; Correa-Villansenor et al., 1991). PDA rates among Hispanics tend to be
lower than among whites and African-Americans (Fixler et al., 1993; Chavez et al., 1988).

Secular and Seasonal Trends
PDA rates have increased over the last several decades (Botto et al., 2001; Ferencz et al., 1997; Anderson et al., 1978). Generally

this increase has been attributed to increased use of echocardiography.

Investigation of PDA and seasonality have produced mixed results. One study found no seasonal variation in PDA rates (Tikkanen
and Heinonen, 1991) while other studies did report seasonal variation (Samanek et al., 1991a; Bound et al., 1989). Another
investigation observed rates for isolated PDA to be lowest in January-March and highest in October-December (Ferencz et al.,
1997).

Geography

One study noted isolated PDA to be more common in urban areas (Ferencz et al., 1997). A study in Czechoslovakia reported
regional differences in rates of PDA (Samanek et al., 1991b). PDA risk increases with high altitudes (Olley, 1987; Alzamora-
Castro et al., 1960).

Sex
PDA is more common among females than among males (Ferencz et al., 1997; Samanek, 1994; Sampayo and Pinto, 1994;
Fyler, 1980; Rothman and Fyler, 1976), although one investigation reported 53% of the PDA cases to be among males (Lary and
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BIRTH DEFECT RISK FACTOR SERIES:
PATENT DUCTUS ARTERIOSUS
DESCRIPTION
Patent ductus arteriosus (PDA) occurs as a result of persistence into the postnatal period of the normal fetal vessel (ductus
arteriosus) that connects the left pulmonary artery and the aorta. The ductus arteriosus normally closes shortly after birth in normal
infants and is considered normal in preterm infants. PDA may also be called persistent ductus arteriosus.
PDA accounts for 2%-15% of all congenital heart defects (Becker et al., 2001; Botto et al., 2001; Borgmann et al., 1999; Samanek
and Voriskova, 1999; Jaiyesimi, 1993; Kidd et al., 1993; Fixler et al., 1990; Stoll et al., 1989; Grabitz et al., 1988; Ferencz et al.,
1985).
ASSOCIATED BIRTH DEFECTS
Approximately 28%-88% of PDA cases have other cardiac and non-cardiac birth defects (Ferencz et al., 1997; Stoll et al., 1993;
Castilla and Lopez-Camelo, 1990), and 8%-11% of cases with PDA also have a chromosomal abnormality (Ferencz et al., 1997;
Stoll et al., 1989). PDA is associated with trisomy 21, where PDA can account for 4% of all associated congenital heart defects
(Kallen et al., 1996). PDA has also been found with trisomy 18, trisomy 13, Char syndrome, Noonan syndrome, Holt-Oram
syndrome, Meckel-Gruber syndrome, and congenital rubella syndrome (Goldmuntz, 2001; Torfs and Christianson, 1998; Webster,
1998; Ferencz et al., 1997). PDA occurs among patients with the 22q11 deletion linked to DiGeorge syndrome, velo-cardio-facial
syndrome, and several other syndromes (Borgmann et al., 1999).
PRENATAL DIAGNOSIS
PDA may be identified by prenatal ultrasound and fetal echocardiography. However, the ductus arteriosus is a normal condition
among fetuses.
PREGNANCY OUTCOME
The mortality rate associated with PDA has declined in the United States during 1979-1997 (Boneva et al., 2001; Lee et al., 2001).
One study noted that 4% of infants with isolated PDA expired within the first year of life (Ferencz et al., 1997).
DEMOGRAPHIC AND REPRODUCTIVE FACTORS
Race/Ethnicity
Studies of risk of PDA by race/ethnicity have been inconsistent (Table 2). While some studies have reported higher rates of PDA
among African-Americans than among whites (Botto et al., 2001; Ferencz et al., 1997; Chavez et al., 1988), other investigations
found no such difference in PDA rates (Fixler et al., 1993; Correa-Villansenor et al., 1991). PDA rates among Hispanics tend to be
lower than among whites and African-Americans (Fixler et al., 1993; Chavez et al., 1988).
Secular and Seasonal Trends
PDA rates have increased over the last several decades (Botto et al., 2001; Ferencz et al., 1997; Anderson et al., 1978). Generally
this increase has been attributed to increased use of echocardiography.
Investigation of PDA and seasonality have produced mixed results. One study found no seasonal variation in PDA rates (Tikkanen
and Heinonen, 1991) while other studies did report seasonal variation (Samanek et al., 1991a; Bound et al., 1989). Another
investigation observed rates for isolated PDA to be lowest in January-March and highest in October-December (Ferencz et al.,
1997).
Geography
One study noted isolated PDA to be more common in urban areas (Ferencz et al., 1997). A study in Czechoslovakia reported
regional differences in rates of PDA (Samanek et al., 1991b). PDA risk increases with high altitudes (Olley, 1987; Alzamora-
Castro et al., 1960).
Sex
PDA is more common among females than among males (Ferencz et al., 1997; Samanek, 1994; Sampayo and Pinto, 1994;
Fyler, 1980; Rothman and Fyler, 1976), although one investigation reported 53% of the PDA cases to be among males (Lary and


Paulozzi, 2001).

Parity
One study noted isolated PDA not to be associated with the mother’s number of previous pregnancies (Ferencz et al., 1997).
Another study reported PDA risk to decrease with increasing birth order (Rothman and Fyler, 1976).

Plurality
Several investigations reported increased risk of PDA among twins (Doyle et al., 1991; Layde et al., 1980) while a more recent

study found no association between isolated PDA risk and twins (Ferencz et al., 1997).

Gestational Age and Birth Weight
As noted previously, PDA is associated with preterm delivery, where PDA generally is not considered to be a birth defect.

However, among term births isolated PDA risk is associated with lower birth weight (Ferencz et al., 1997). And PDA risk is
associated with small for gestational age (intrauterine growth retardation) (Ferencz et al., 1997; Khoury et al., 1988).

Consanguinity
One investigation reported no increased risk of PDA among the offspring born to first cousins (Becker et al., 2001).

Parental Age

Several studies observed decreased risk of PDA with increasing maternal age (Baird et al., 1991; Rothman and Fyler, 1976).
However, another study noted no association between isolated PDA and maternal or paternal age (Ferencz et al., 1997).

FACTORS IN LIFESTYLE OR ENVIRONMENT

Socioeconomic Status (SES|
An investigation noted increased risk of isolated PDA with low maternal and paternal education. However, annual household

income was not related to isolated PDA risk (Ferencz et al., 1997).

Maternal llinesses and Conditions

PDA risk increases with maternal diabetes (Loffredo et al., 2001; Ferencz et al., 1997; Becerra et al., 1990). PDA has been
reported among the offspring of mothers with phenylketonuria (Levy et al., 2001). There is no association between PDA and
maternal hypothyroidism (Khoury et al., 1989), hyperthyroidism (Khoury et al., 1989), or influenza (Ferencz et al., 1997).

In a study that examined the relationship between PDA and maternal hyperthermia, PDA risk was associated with fever and upper
respiratory infection but not with workplace temperature or sauna bathing (Tikkanen and Heinonen, 1991).

Maternal Exposures
PDA has not been associated with maternal ampicillin use (Czeizel et al., 2001). Maternal alcohol use does not appear to increase

risk of isolated PDA (Ferencz et al., 1997). Although one investigation reported increased risk of PDA with maternal smoking
(Kallen, 1999), several other studies found no such association (Ferencz et al., 1997; Van Den Eeden et al., 1990).

Other Exposures
One study observed increased risk of isolated PDA with paternal occupation of clerical/sales (Ferencz et al., 1997). A recent

review article reported increased risk of PDA with paternal occupations of painter, plywood mill worker, and sheet and other metal
worker (Chia and Shi, 2002).

PREVALENCE

The reported prevalence for PDA has shown wide variation between studies, ranging between 0.9 and 20.6 per 10,000 births
(Table 1). There are various potential reasons for the differences in prevalence. Infants with PDA may be asymptomatic. One
study observed that 26% of infants undergoing echocardiography solely because of heart murmur had a PDA (Rein et al., 2000).
Another study found that 60% of infants with innocent heart murmurs and 12% of infants without heart murmurs had a PDA
(Arlettaz et al., 1998).

Differences in prevalence may also be due to differences in case inclusion criteria or the use of echocardiography among the study
populations. Studies may differ in their definitions of preterm, i.e., use different gestational age limits or base the limit on birth
weight, and some investigations may not exclude preterm infants at all.

Table 1. Prevalence per 10,000 births of patent ductus arteriosus
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Paulozzi, 2001).
Parity
One study noted isolated PDA not to be associated with the mother’s number of previous pregnancies (Ferencz et al., 1997).
Another study reported PDA risk to decrease with increasing birth order (Rothman and Fyler, 1976).
Plurality
Several investigations reported increased risk of PDA among twins (Doyle et al., 1991; Layde et al., 1980) while a more recent
study found no association between isolated PDA risk and twins (Ferencz et al., 1997).
Gestational Age and Birth Weight
As noted previously, PDA is associated with preterm delivery, where PDA generally is not considered to be a birth defect.
However, among term births isolated PDA risk is associated with lower birth weight (Ferencz et al., 1997). And PDA risk is
associated with small for gestational age (intrauterine growth retardation) (Ferencz et al., 1997; Khoury et al., 1988).
Consanguinity
One investigation reported no increased risk of PDA among the offspring born to first cousins (Becker et al., 2001).
Parental Age
Several studies observed decreased risk of PDA with increasing maternal age (Baird et al., 1991; Rothman and Fyler, 1976).
However, another study noted no association between isolated PDA and maternal or paternal age (Ferencz et al., 1997).
FACTORS IN LIFESTYLE OR ENVIRONMENT
Socioeconomic Status (SES)
An investigation noted increased risk of isolated PDA with low maternal and paternal education. However, annual household
income was not related to isolated PDA risk (Ferencz et al., 1997).
Maternal Illnesses and Conditions
PDA risk increases with maternal diabetes (Loffredo et al., 2001; Ferencz et al., 1997; Becerra et al., 1990). PDA has been
reported among the offspring of mothers with phenylketonuria (Levy et al., 2001). There is no association between PDA and
maternal hypothyroidism (Khoury et al., 1989), hyperthyroidism (Khoury et al., 1989), or influenza (Ferencz et al., 1997).
In a study that examined the relationship between PDA and maternal hyperthermia, PDA risk was associated with fever and upper
respiratory infection but not with workplace temperature or sauna bathing (Tikkanen and Heinonen, 1991).
Maternal Exposures
PDA has not been associated with maternal ampicillin use (Czeizel et al., 2001). Maternal alcohol use does not appear to increase
risk of isolated PDA (Ferencz et al., 1997). Although one investigation reported increased risk of PDA with maternal smoking
(Kallen, 1999), several other studies found no such association (Ferencz et al., 1997; Van Den Eeden et al., 1990).
Other Exposures
One study observed increased risk of isolated PDA with paternal occupation of clerical/sales (Ferencz et al., 1997). A recent
review article reported increased risk of PDA with paternal occupations of painter, plywood mill worker, and sheet and other metal
worker (Chia and Shi, 2002).
PREVALENCE
The reported prevalence for PDA has shown wide variation between studies, ranging between 0.9 and 20.6 per 10,000 births
(Table 1). There are various potential reasons for the differences in prevalence. Infants with PDA may be asymptomatic. One
study observed that 26% of infants undergoing echocardiography solely because of heart murmur had a PDA (Rein et al., 2000).
Another study found that 60% of infants with innocent heart murmurs and 12% of infants without heart murmurs had a PDA
(Arlettaz et al., 1998).
Differences in prevalence may also be due to differences in case inclusion criteria or the use of echocardiography among the study
populations. Studies may differ in their definitions of preterm, i.e., use different gestational age limits or base the limit on birth
weight, and some investigations may not exclude preterm infants at all.
Table 1. Prevalence per 10,000 births of patent ductus arteriosus


Reference Location Time period Rate
Botto et al., 2001 Atlanta 1968-1997 6.6
Wren et al., 2000 Great Britain 1985-1997 23
Samanek and Voriskova, 1999 Czechoslovakia 1980-1990 3.1
Ferencz et al., 1997 Maryland/Virginia/DC 1981-1989 56
Kidd et al., 1993 Australia 1981-1984 12
Baird et al., 1991 British Columbia 1966-1981 206
Samanek et al., 1991b Czechoslovakia 1977-1984 3.8
Castilla and Lopez-Camelo, 1990 South America 1982-1986 10
Bound et al., 1989 Great Britain 1957-1981 34
Stoll etal., 1989 France 1979-1986 6.9
Grabitz et al., 1988 Alberta 1981-1984 19
Ferencz et al., 1985 Maryland/Virginia/DC 1981-1982 09
Czeizel and Vitez, 1981 Hungary 1970-1977 8.6
Table 2. Prevalence per 10,000 births of patent ductus j by
Reference White African- Hispanic Native Asian
American American
Botto et al., 2001 5.93 7.62
Fixler et al., 1993 36 34 28
Chavez et al., 1988 265 49.9 20.7 335 25.1
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Reference Location Time period Rate
Botto et al., 2001 Atlanta 1968-1997 6.6
Wren et al., 2000 Great Britain 1985-1997 2.3
Samanek and Voriskova, 1999 Czechoslovakia 1980-1990 3.1
Ferencz et al., 1997 Maryland/Virginia/DC 1981-1989 5.6
Kidd et al., 1993 Australia 1981-1984 1.2
Baird et al., 1991 British Columbia 1966-1981 20.6
Samanek et al., 1991b Czechoslovakia 1977-1984 3.8
Castilla and Lopez-Camelo, 1990 South America 1982-1986 1.0
Bound et al., 1989 Great Britain 1957-1981 3.4
Stoll et al., 1989 France 1979-1986 6.9
Grabitz et al., 1988 Alberta 1981-1984 1.9
Ferencz et al., 1985 Maryland/Virginia/DC 1981-1982 0.9
Czeizel and Vitez, 1981 Hungary 1970-1977 8.6
Table 2. Prevalence per 10,000 births of patent ductus arteriosus by race/ethnicity
Reference White African-
American
Hispanic Native
American
Asian
Botto et al., 2001 5.93 7.62
Fixler et al., 1993 3.6 3.4 2.8
Chavez et al., 1988 26.5 49.9 20.7 33.5 25.1
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